similar to that observed for many cytokines, in that a signal through a multicomponent receptor system comcommon signaling component is used by multiple liposed of a high-affinity binding component (GFR␣1-gands, and an additional protein binds to the ligand GFR␣4) and a common signaling component (RET).
analysis in transfected cells indicated that GFR␣3 could 
, 1998). GFR␣3 expression is much more restricted than
Identification and Analysis of the ARTEMIN Gene and cDNA GFR␣1 or GFR␣2, with high-level expression observed only in developing peripheral nerves and ganglia (Baloh In an effort to identify additional members of the GDNF family, we searched multiple databases using the BLAST et al., 1998; Naveilhan et al., 1998; Widenfalk et al., 1998; Worby et al., 1998). Furthermore, one report demon-2.0 algorithm (Altschul et al., 1997) , with mature NTN protein sequence as a query. A search of the high strated that in sensory neurons of the trigeminal ganglion, GFR␣3 is expressed in a population of neurons throughput genome sequences (HTGS) database revealed two human bacterial artificial chromosome (BAC) distinct from GFR␣1 and GFR␣2 and likely overlaps with RET (Naveilhan et al., 1998). Therefore, structural simiclones (AC005038, AC005051) containing a homologous open reading frame (hORF) similar but not identical to larity, expression, and functional data together suggested that GFR␣3 can interact with RET and that anhuman GDNF, NTN, or PSP. A search of the EST database using the predicted 3Ј untranslated region of this other member of the GDNF ligand family remained to be identified. hORF revealed two ESTs (AA931637 and AA533512), suggesting that the hORF represents an expressed Here, we report the identification of a novel member of the GDNF ligand family, which we have named Argene. We also identified by PCR a fragment from mouse genomic DNA corresponding to the same hORF. To isotemin. Like GDNF and NTN, Artemin supports the survival of several peripheral neuron populations and can late full length mRNA species encoded for by this hORF, we performed rapid amplification of cDNA ends (RACE) also support dopaminergic neurons of the ventral midbrain. However, Artemin appears to be the only member PCR on multiple human and mouse tissue cDNA libraries. Analysis of the full length cDNAs from human and of the GDNF family that binds to and activates the GFR␣3-RET receptor complex. Interestingly, Artemin mouse confirmed that the hORF represents a member of the GDNF ligand family, which we have named ARTEMIN can also activate the GFR␣1-RET receptor complex, indicating that like GDNF (GFR␣1-RET) and NTN (GFR␣2- (Figure 1) (Figure 3 ). Like GDNF and NTN, Artemin supsystems. Expression was also observed in the spinal ported the survival of a subset of sensory neurons from cord; however, this RNA preparation contains DRG maboth the dorsal root ganglion (DRG) and the trigeminal terial as well as spinal cord, which likely contributes to ganglion (TG), whereas PSP did not ( Figures 3A and 3C ). the observed expression (Clontech; see Figure 2C Figure 2D ). These data suggest the possibilWe further assessed Artemin's ability to support sympathetic neurons of the SCG, which are responsive to ity that Artemin may act as a survival/trophic factor for peripheral neurons either in a paracrine fashion for de-GDNF (Trupp et al., 1995) and NTN . Artemin also supported the survival of SCG neuveloping sensory neurons of the DRG or as a targetderived factor for autonomic innervation of the superior rons in culture, although fewer neurons were supported by Artemin than by GDNF or NTN, and in contrast to mesenteric artery. Interestingly, among potential GFR␣ receptors, expression of Artemin is most complementhe sensory neurons examined above, none of the GDNF family ligands supported as many neurons as NGF (Figtary with that of the orphan GFR␣3, which is expressed at high levels in peripheral ganglia but which has no ure 3E). Therefore, similar to GDNF and NTN, and consistent with its embryonic expression pattern, Artemin is detectable expression in the developing CNS by in situ 
Neurturin acted similarly to GDNF with all receptors (data not shown). Artemin activates cells expressing GFR␣1-RET or GFR␣3-RET but not GFR␣2-RET. NLF neuroblastoma cells express GFR␣2-RET and therefore natively respond to GDNF but not Artemin. Transfection of GFR␣1 or GFR␣3, but not GFR␣2, into NLF cells allowed it to respond to Artemin stimulation. a major source of peripheral Artemin expression. This Because Artemin is the only ligand that can activate the GFR␣3-RET receptor complex, these neurons may general expression pattern is strikingly complementary to that observed for GFR␣3, which is expressed at high represent neurotrophin-independent cells that critically depend on Artemin for their proper development and/ levels only in the developing and adult sensory and sympathetic ganglia of the PNS (Baloh et al., 1998; Naveilhan or postnatal survival. It will be interesting to determine if the different members of the GDNF ligand family, like et al., 1998; Widenfalk et al., 1998; Worby et al., 1998).
Given the complementary expression patterns, the demthe neurotrophins, support the development/maturation/survival of distinct subsets of peripheral neurons onstration that Artemin is the only ligand for GFR␣3-RET, and the ability of Artemin to support developing that are either spatially or temporally independent from neurotrophin influence. peripheral neurons in culture, we believe that the Artemin/GFR␣3-RET system represents an important neurotrophic influence in PNS development. 
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